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(1 VYR R2FER IR BT 2B , PR 400716)
(2 MRS KA Ze M e A W H R 540 TR % Be , 7T Z8 M 225300)

g5
=

i DA S8 5 R 8 WO R BT T T 5 Mk 1 A T8 U (Azotobacter sp. ) X 4= HEBT B9 35 4 AF T o
SERRWT, 1 A T R R 2 WA R B9 SR T, R JEE AR SR W pHL L AT TR B 40 L E . AAERR
B A HLER A R 26 5 Bk B RO R T 5, I SE A HLIR LG IR L LR VR T TR AP AR TR SR IR A 7L
R4 o Horh, Ax AL U TR Bk X BE 20 WA B I RISV R o 7 AR TR U BB IR B I 3 TR A A B
TR, E ST Wy 45 R B0 0 S S AR ol T L R R B A M — DR IR, T A T T AR e
B MR RY, LIRSS AR ARN AR BERZERFERAML(r = -0.845" ;0 =
6), 5HFF M pH ZRFIEAMIL(r = 0.7027 ,n = 6) , YL I AL [ 205 20 Wb B9 AT BILIR A& B 7 7T BE I A 1 1
AR . B IR R A A I R R R M B R A S VBE VBRI RE D AR, H S AL B B R B R E
FIEMK(r = 0.990"" ,n = 6) I FFR 9 7338 16 1 b+ IO AR i R PR T 2R T . R A AR I U

8 25 AR L M TR, 1 A A T DR T R AN ) S, HL PR T 5 A L R 2 8 ) R AR 2 AT G

KR
HESES

Az [ R 5 g
S154.3 3 AR 1R A
FEMMAERKRFILREHREERITRZ —,

T EEEE RS, FEDRERL ST

T8 2 A 78, ME T 9 R ) e U R . FRE N 2 1l

V- R K v €= o % DR S NI S B € s L

BAR, A SR A, (A2 FRE IR =,

R E O A R R R R MY

AR E S5 8 0 & R, B TR T

Y40 B AR B 2R BT AL .

H i, ¢ T ff 2 35 41 14 ( Silicate bacteria) 3 {£ 1=
HEMEE TR B B £ 20 14 50 4R AR, IR
B0 Py LR % 5 fe dfe DN+ v 4 B8 3R AR T RE
WL N, TR AR RE R R - P B L AR
T EMHIEN T, R 4w el S|
180 45+ B XL R 5 A Sl T O R B, B A R R
B B I 32.53% ~ 41.80% ' ° . AR B R
B, VR 328 1) RS 2R A AT B ( Bacillus mucilaginosus )

A

K1 1 K3 TRk, BERE & #1074 vh #9245 1 50 2 16 hy i
ROER B RWOOR L R L T R
T TR 6 240 BT — b e SR RO AR B BBl 2 9, BE A 20 0k
MR TR A7 R R AR TR A8 AT HLIR , 7T v B )™ AR |
BTl EES G R A ot LR A SRR AR & AT
WP R AR BS VBE B T R RO S T
HEAR BRI

FI AR T 520 A BT T 200 o0 A A ) A K
FIOFEM L R 43I B T AU HLR (e
MR PR AT R PR A ) , 1 A b M b R M U P R R
U W TR T AT LR A A R R R
Yy i HLE DL aA R EE , #2181 20 o nl R TG AL
T HETCRE A S S B D o AR SCHE A S e
Herh oy BERY S bR E AR T U, BF 5T 0 A
RO HE AR AR, LAER R A AR T 2 A nl RE AL
L2750 T Y TRE
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1 MRSk

1.1 ksl

Bl HIE MR R O R A K E B KA S
Je, % B & PCIb Al X P g K2 4 3% (29°49718"N,
106°25'45"E) , 78V KA JG 9+ 4% pH 6. 15 A ML
14.96 g kg ' 2R 1.07 g kg ' .2 0.39 g kg ™',
4o1016.32 g kg ™' EZCER 102.6 mg kg ',

FI A= 5 AU (Azotobacter sp. ) WA HE PR 17 Jb 6% JK
P G2 e 3 b A v 43 B AR 1S R AF TV P R A B A
WA B E M e s % . BOH i 5 dk o ikl T
B, AR5 515 NO1 ,N02 \NO3 .NO4 #1 NO5,25 C fif
4 [ TG E AR LT 4.5 ~23.2 pg C,H,h ™ mg ™' R
HZm,

N o AR S IN g R T R (S S i B
STl o A HLIR bR R A < RS PR RO R AR
Mg SERER T VAR H R . LR 45 100 mg, H
TS AR R T 2 T 100 ml 2R s P B B AL 1.0
g L™ A HLER A b o YR A5 V5 R, T FH 3L 30 4 s A v
WAy W s B %2 0.01.,0.02,0.04.0.06,0.08 FI
0.10 gL',

1.2 Kwigit

G, S vk A AR BT AR HE RN 2 A AR AR R
FH A 857 57 25 (35 R 5L 20 iy - 2818 7K 1000 ml  Bx g
20 g. i % B 10 g. KH, PO, 0.2 g, MgSO, - 7H,0
0.2 g.NaCl 0.2 g.CaSO, - 7H,0 0.2 g.CaCO, 5.0
g.pH7.0 ~7.2 WRAKKE FR 5L LR BUIRED AT ) ,28 C +
1 CRHERE R 4 do SR, 1 44 T o o 22 94 5%
FeHrp PREREF (28 C+1 C .60 rmin )3 d, &L
WOEE , TC TR K 22 R VW, B 25 40 WA W) 4 B 7% TR L 47
B G B K B B AR LB A R 1 <107 cfu
ml ™ T B,

WA 44, B4t 100 H 5, B 1..000 0 g - 4
BTWE O AR 1 em @Y SRME P35, SR 5 W5 3
FENBEIE LT A B eI A rp ), P AL 08 (fL
££0.22 pm) % EH W, Ko EHLE T AR T
A LR S5 A UR) 2 0 5 S fal, T b OS2
T 1oL I I £ 2 R0 R AN R, A A T AU IR AN
FE 25 1o 3% 35 2 4 F1 8 REIE A+

B 250 ml =M A 50 ml & w5 O A
FEEAH A ) NaH, PO, f{ % KH, PO, , it A — A
A 0 9 ORL A A O BRI, ZZVROK I (121 °C 30
min) 1, S TR TR AR B A K R,

A AT B AR T PRI PR SRR TR A 0 0
P A AR RO, 156 R Y T R & 42 A, 45 50
ml FEFRWAEA 1.0 ml R 25 (9 3 A= [ AR B R
W, KA A X IR i 3 W, B R S IR
5o FEMIEFR (28 C£1 C 60 r min ™' )7 d, £ A
KIiH
1.3 MEmMBSH®

FH PHS-3C K5 % R B 11D 5 35 9% Wk pHL, K I
JEE T 7 B0 VR BE R OB 351X ( H A HITA-
CHI AR A7) W 5E A MLER e B o 83 2% /7 24 « Di-
ode Array L-7455 248K 4%, Ton-300 A ML B2 43 #r
% M # ( Phenomenex, Torrance, CA, USA), i 3l
AH:2.5 mmol L™"BifR, 7 :0.5 ml min ', kER .
20 wl R (FE MR ST 2 TR IR MR AL ) , 58 A A6 I I8 <
210 nm A6 :35 C,JE f1:3.1 x 10° Pa, MMERA
PURR A 45 B R AT R CE R R VFLIR . T R I
B2 2 W, Fo W B R Yk R 9.57 (11.52,13.31
14.53.15.95.17. 47 .20. 72 min,

B SR i O, XU R 28 1K 1
mol L™'BAFR £ A1 1 mol L™" Wl A 1% 42 UK IZ VEHR 52
Ve A ZZ RO, 28 bR U AR OIS Y 1 ] SR
AN 450 CIEmn , ARAFH P S5/ B0, I D6 BE 10
S A% PRI W R R R
1.4 #HiFEahE

I Excel2003 X i %6 % 4 oF 47 % A 3F 57,
SPSS18. 0 #EATGL it 70 M, AN ] b BR8] 1 22 S Wk 25
FH LR 2 07 22 0 Bt i A7 LU 8, {8 Pearson 75 #E 47
XU 2R AH G 3 #

2 4 R

2.1 BEEBEREMNIEFE pH B9

BRI, 35595 7 d Z 0, iR KR FR 26 ) pH 1
FICT X IR OREERD) BRI, B IR0 pH [
MRS [, 3 A NO2 Z J5, W AR &% 35 3L (% pH
3,35, [ B K #5E Bl NO4, VR IR 15 57 B pH
5.60 , B fe /Dy 5 HAR B AR BE R pH A T 3,50
F14.00 2],
2.2 BEBEREREEFEEFEVRLNS WD

1Al UL AR AR RS IR P AT B R L LR
TR VAR . T 2R ER RIS T MAA LR
FE AN 0 A 355 73 55 v (O BRD) G ) 38 R | S
RRAT R, B 5 ERAR, B2 A, EHiS
TR, A AR AR A (6] TR B 23 0 A BIL IR 109 i 2
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8r . TR R (NO4 BR 4 ), NO1,NO3  NO5 fig 43 il &
H 2 ;N2 N3, NOS il 43 I F B i 5 NO2 1 NO4 fiE 53
5 k3 WFLAR. KSR A BLIR 0 5 B L NO3 1) 4 0 it i
. &= L,NOI Yk 2z ,NO2 F1 NO5 J&455 = ,NO4 1.

T4} ¢ g : 2.3 BAEEREAREELLOLM
2L AR T d Z e, B A A B R
2 P14 T 5 T e B 4 i T R OS2 b ) L B SR P AT
VoS 0 e B R T AR O [ T S, AR AT 3,99 ~ 5,34

07K N N2 N Nod . Nos mg L™ 2 [

4b#E Treatment BT d Za, FHOKEHEM i Z %
L RFF R RERE2 ) <0.05, FIA Note: Different letters AT Y L5 E R & AL LR 2, A B A [E
indicate significant differences at p < 0.05. Tnd the same below AEZIG, TERKEESHE I Sk EE2 i,
B AR A X5 5 pH B 52 R NO1 .NO2 NO3 i1 NO4, +HExc kA B E 4 &, &
Fig. 1 Effects of pH value in liquid culture mediums S T BB 1 7. 81% ~ 22. 91 0% . H A B bk 5 % A

by Azotobacter sp.

o BR NOS Ab, H A i b . 35 J ey - S v 9 2
FIKCRE R B AR RS R0 5%, 7 B (9 /B AU O A, UM IR N 4. 419% ~ 12.45% . el NOT
P e b B A R A A B bR, NO3 kb 4 R B R AIG, v R
LT 1 2 [ U RE 2 U6 B R AR R, b B R4y R 304.7 mg kg I 342.2 mg kg, AV BR XS A
WA . AN, R Z AR AR W T WA T B

®1 BEBEEEFRBPENRNSE

Table 1  Contents of organic acids in liquid culture mediums grown with Azotobacter sp. (mg L™")

Ab 2 Hi R W T R LR PR LR SR E
Treatment Oxalic acid Malic acid Succinic acid Formic acid Acetic acid Citric acid Lactic acid Total content
CK 9.28d 8.77d 5.65¢ ND ND ND ND 23.70e
NO1 76. 15ab 39.01a 12. 15a 11.99a 16.98a ND ND 156.3b
NO2 49.25b 19.99¢ 8.56b 8.02b ND 21. 18ab 10. 78a 117. 8¢
NO3 82.17a 36.99a 12.43a 11.92a 5.87b 24.98a ND 174. 4a
NO4 18. 18¢ 19.39¢ ND ND ND ND 9.86a 47.43d
NO5 41.89bc 27.34b 9.98ab 8.76b 2.07¢ 18.72ab ND 108. 8¢

FAER AR AREF R ERRERF L E(p< 0.05), F[E;ND F£/R ALK H Note: Data followed by different letters in the column, are sig-

nificantly different at p <0. 05. The same below. ND indicates not detected

6 a 8K P R e P T 2 B Ol
A 3 B R ERE I T R A A B B
Ly - K d 4. 10%~22. 68% ,

2.4 AREREHHEXRE
g 3 A, LIRS RS A R
W] 2R AR Y R R S A LR vk B R R 3 A O

AV R
Contents of soluble K (mg L™)
o

1.5 F
MFEREB r 53k -0.895" , -0.857" | -0.845"
ol P P PP T, (o= 6), S HiJR W pH 2 83 I MG, MG R
G NoT N0 NOSNOE T NOS 0.7027 (n=6) . A A R B G R 43 kL
Kb FH Treatment o . . ..
R AT S B IEA G (r = 099077 n=6).
2 AR TR SRR G 0 R Bt A, 1 2 SR O A LR B B R

Fig. 2 Contents of soluble K in liquid culture mediums grown with e N *
) ) * pH R EGAIK(r = -0.8727 ,n = 6),

Azotobacter sp.

http ; //pedologica. issas. ac. cn
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Table 2 Changes in different K fractions in soil (mg kg™")
fib B K AL R ) 45 b
Treatment Water-soluble K Exchangeable K Slow effective K Mineral K
CK 1. 65ab 129. 4d 325.3d 15 741a
NO1 1.75a 139.5¢ 359. 6ab 15 436b
NO2 1. 56ab 145.0b 339.7¢ 15 591ab
NO3 1.73a 159. 0a 365. 8a 15 399b
NO4 1.45ab 140. Obe 357.4b 15 535ab
NO5 1.61ab 134. 8cd 331.7cd 15 560ab
*3 BEEREBRARESEESHEMOEXYE
Table 3 Correlation coefficients between different K fractions in experimental of solubilizing K by Azotobacter sp.
B 3 oK P A G VR okl R A AR SR .
p
Potassium forms WSK EK SEK Mineral K Oxalic acid TOA
K A
1. 000
WSK
SCH PR
0.249 1. 000
EK
G
0.204 0.744 1. 000
SEK
W) 45 4
-0.376 -0.751 -0.895" 1. 000
Mineral K
Rk
0. 689 0.731 0. 654 -0.857" 1. 000
Oxalic acid
0. 630 0.731 0. 602 -0.845" 0.990 "~ 1. 000
TOA
pH -0.243 -0.607 -0.405 0.702 " -0.804 -0.872" 1. 000

T« WSK, K PR 5 EX, 24 VA 5 SEK, ZE3 8 TOA A HLIR MR IE 5 =, = 0 53R 7E 0. 05 A1 0. 01 /K- b AH 56 1 35 2 2 25 7K F Note::

WSK, Water soluble K; EK, Exchangeable K; SEK, Slow effective K; TOA, Total organic acids; * ,

and 0. 01 level, respectively

3 4 i

BFAAEAW T d 205, Bk kY 8 3%
B IR pH, ZAFBEAR T 1. 60 AL H1 Y T A
TSI T 40 £%5 . (HE R, pH A FE 7 4 A
— ko WAHLIREY Jr 15 DU, 4o F A i U 2
AE 0 WA TR AN SR IR, K 2 8 A AR TR R e W T
TR R (NO4 B Sh ), NO1,NO3  NOS fE ) &
M2 ;NO2 \NO3 \NOS fi2 73 il A7 15 iR s NO2 il NO4 fiE 73
WELIR . A5 A HLIR Y 73 W65 FA LR 70 il 5
PIB BRI 5 o Geit o0 B R B, B SR G pH 5

# % show that correlations are significant at 0. 05

AR ERE R R ZFE R (r = -0.8727 ,n =
6) , Ui W FI AR [ 20 BRT 0 W6 1 A AIL TR Ot 3 AN IR TR
pH PRI RN Z — o 1E5r WA HLIR 28 K 73
RS RN 8 8 PN

b SRS 3 B LT AL A AR AL O (K
PEER A S H PR B ) AR T AR (BTSSR AT )
ENZEEMEE A 7 A AR B R IR, 8k
JE 25 i TN, T b R B IR WO R T A
— SR U, B SR B A A B ROk AT A
R, B AR I R H AT AL S rp G AR B A AR
o A58 78 3¢+ 3 b o) 8 B — Rk A 1 BE ) 8K
SR FY) A T R, T R e B, AT L
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M g TG Rk B, T L RE R R AR e
UEAN  FERE 3% A A T AR BE A o R P R T PR AR
TR i W SRR AR R A,
ZHEZEEEAME(r = -0.895" ,n = 6), ]
TEH A B AR AEH T, S EEH W ) 4549 80 AT G
AR BR80T P A A A 0 R R
(0RO, A A T 2R B LA T A I i - T R
REJT. BEAL, A WFIE B, 45 AR A A 1A R B
i JF R SR AR A, OF B 3 R A AR Y
SRV Bk WA M A LR R EZ A, AU
DL 2, i HLaA fe i Ak - e, it m KA A
Rk ke st RE

Parmar il Sindhu'""’ § i, #7405 fiE 53 W A Bl
MR, L HE® A TAIR, EN55 W ek .
B BRI A g A VR, 3R A3 R T RS I S
Zeng %520\ Ny, B AN T RE 43 WA 40 i 4 2 A — st
N FRANLIR (R IR IR . MR AMFLIR ) i1k
T e A . B Ah, A BIF AT 3 A P A T R
REZM U T, MORE R A HLIR , 78 Wi JL [ 4
TR DRI B A T L I A R R R 2R
WY BE, BEAS I ) R | TR L RLER AT R TR 5
Z A HLER , DT 38 i - S A B, 1 A 4 i )
AT Mo et e ae 'R AR, LT
SERYBR S A A T R Y R 4y W R AL IR 43 1
SEEDENMLE(r = -0.857" r = -0.8457,
no= 6) HENT A5 WY R FUA LR oT LS 6
PE . 7E A A T RUBR BT 55 U R R A A R 1Y vk
JEE L T H AL, T RERES Ca’ .
Mg®* Fe' " Hl AI'* 2585 145 &5 iR i /Y 50 R -Ca B0
M2-Mg. i fiR-Fe HI & FR-Al, H 4% & @ K
(logK,, ) 4> %124 3.00.4.38 .20.20 FI 16.30" >
TR AT RE S S P S B Bk R R AR A E
P =22 o A, B CHR B 1o A B b Ao, 7R 3
b A AR A L FR A, F A T RCRE A O Y B R E G R
FLORMIAMERAREE . oAb, B AR F R I e
U E T, B AR IR AR AT 15 T o R o
78

4 45 i

AR [ TR B [T 2 2 A, 5 S8 TR B O fiE T AL 1
SR TORCER , DT 4 e B Y A A R T
BRI A A ] T 2 B A A TR A9 9% AL RE T, B AT] 20 3 ) AT
BLR AT BE 2 ¥ i L ™ W B Y LI 2 —

2 & X B
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MOBILIZATION OF POTASSIUM IN SOILS BY AZOTOBACTER
Zhang Liang"®> Yuan Ling' Huang Jianguo''
(1 College of Resources of Environment, Southwest University, Chongqing 400716, China)
(2 School of Biotechnology and Chemical Engineering, Taizhou College, Nanjing Normal University, Taizhou, Jiangsu 225300, China)
Abstract Potassium (K) is an essential nutrient element for plant growth. However, in most soils, K is low in both

concentration and availability. Chemical K supplemented through fertilization is rapidly adsorbed by soil minerals or trans-

formed by soil microbial organisms, resulting in low K use efficiency, as low as 20% ~35% . Studies have found that Azo-

tobacter sp. , which can fix nitrogen from the atmosphere to supplement plants with nitrogen nutrient, also has the ability to

mobilize soil K for plant use. The finding has aroused much attention the world over. However, little information is availa-

ble to illustrate the mechanisms of Azotobacter mobilizing K in the soil. Five strains of Azotobacter sp. , which were isolated

from a gray brown purple soil in Chongqing, South China and coded as NO1, NO2, NO3, NO4 and NO5, separately, were

cultured a liquid medium in an experiment to study their K mobilization capacities. The medium contained 1L of H,0, 10
g of mannitol, 0. 176 g of NaH,PO,, 0.2 g of MgSO, - 7H,0, 0.2 g of NaCl, 0.2 g of CaSO, - 7H,0 and 5.0 g of

CaCO,. Compared to the non-Azotobacter control, all the five Azotobacter treatments were found to be 40 times higher in

concentration of hydrogen ions in the liquid media, as a consequence, pH dropped significantly after 7 days of incubation.
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The Azotobacter strains all exude organic acids, including formic acid, acetic acid, oxalic acid, succinic acid, citric acid,
malic acid and lactic acid, but vary in capacity and excretion of acids. Oxalic acid and malic acid was the most common
ones all the five strains could exude. K concentrations in the liquid media were significantly higher than in the control,
whilst the contents of soil mineral structure K were significantly lower in the Azotobacter treatments than in the non-Azoto-
bacter treatment. Taking into account the soil being the sole K source, it is quite obvious that Azotobacters could promote
dissolution of mineral K in the soil. Correlation analysis shows that content of soil mineral structure K is negatively related
to the total organic acids Azotobacters exude (r = —0.845" , n = 6), but positively related to pH of the liquid medium
(r = 0.702", n = 6), which indicates that both the organic acids Azotobacters exude and hydrogen ions could dissolve
soil K. Oxalic acid is the major organic acid Azotobacters exude in high volume and the most competent in complexing cal-
cium, magnesium, iron and aluminum, and moreover, it is positively correlated with total organic acid (r = 0.990"" | n
= 6), which suggests that oxalic acid exuded by Azotobacter might contribute directly to the mobilization of soil K. Mean-
while, soil mineral K was significantly reduced in all the Azotobacter treatments, to a varying extent, which depended on
which strain of Azotobacter was used in this study, because the strains of Azotobacters vary sharply in exudation, in terms of
amount and type of organic acids they exude. The findings demonstrate that inoculation of Azotobacters or intercropping
with legumes is a good alternative to improve plant K nutrition, besides, Azotobacters and legumes can also help supple-
ment the soil with nitrogen by fixing it from the atmosphere. Therefore, more efforts should be devoted to researches on the
capability of Azotobacters of mobilzing soil K, and their associated nitrogen and K benefits to their host plants and neigh-
bouring plants.

Key words Azotobacter; Soil; Potassium
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